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This  article  reviews  the recent literature  concerning  airborne laser  scanning for forestry  purposes  in
Italy, and presents  the current  methodologies  used  to extract forest  characteristics from discrete return
ALS (Airborne  Laser  Scanning)  data.  Increasing interest  in  ALS data is currently  being  shown, especially
for remote  sensing-based  forest inventories in Italy;  the driving force for this interest  is  the  possibility
of reducing costs and providing  more accurate and efficient  estimation  of forest  characteristics. This
review  covers  a period  of approximately  ten  years,  from  the  first  application  of  laser  scanning for forestry
purposes  in  2003 to the  present  day,  and shows  that  there  are numerous ongoing  research activities  which
use these  technologies for the  assessment  of forest attributes  (e.g., number of trees,  mean tree  height,  stem
volume)  and ecological  issues (e.g.,  gap  identification, fuel model detection).  The  basic approaches  –  such
as single  tree detection and area-based modeling  –  have been widely examined and commented in  order
to explore  the trend of  methods  in these technologies, including  their applicability  and performance.
Finally this  paper  outlines  and  comments  some  of the common  problems  encountered in operational  use
of laser  scanning in  Italy, offering  potentially useful  guidelines and  solutions for  other countries  with
similar conditions,  under a rather  variable environmental framework comprising  Alpine, temperate  and
Mediterranean  forest ecosystems.
©  2012  Elsevier B.V.  All rights reserved.
Contents
1. Introduction  .  . . .  . . .  . . . . .  . . .  . . . . .  . . .  . . . . .  . . .  . . . . .  . . .  . . .  . . . . .  . . .  . . . . .  . . .  . . .  . . . . . . . .  . . .  . . . . .  . . .  . . . . .  . . .  . . . . .  . . .  . . .  . . . . . . . .  . . .  . .  . . .  . . .  . . . . .  . . .  . . . . .  . . . . . . 288
2.  Airborne  Laser  Scanning survey  experience  in  forestry  applications  in Italy . . . .  . . .  . . . . .  . . .  . . . . .  . . .  . . . . .  . . .  . . .  . . .  . . . . .  . . .  . .  . . .  . . . . .  . . .  . . .  . .  . . .  . . .  . 289
3.  Main  outcome  from selected  operative issues . . .  . . .  . . . . .  . . .  . . .  . .  . . .  . . .  . . . . . . . .  . . .  . . . . .  . . .  . . . . . . . .  . . . . .  . . .  . . .  . .  . . .  . . .  . . .  . . . . .  . . .  . . . . .  . . . . .  . . .  . . . . .  . . 292
3.1.  Point  cloud  filtering  and classification  .  . . .  . . .  . .  . . .  . . .  . . . . .  . . .  . . . . .  . . .  . . .  . . . . .  . . .  . . . . .  . . .  . . .  . . . . .  . . .  . . . . .  . . .  . . . . . . . .  . . . . . . . .  . . .  . . . . . . . . . .  . . .  . 292
3.2.  Point  cloud  processing . . . .  . . .  . . . . .  . . .  . . .  . . . . .  . . .  . . . . .  . . .  . . . . .  . . .  . . .  . .  . . .  . . .  . . . . . . . .  . . .  . . . . .  . . .  . . . . .  . . .  . . .  . . . . .  . . .  . . . . .  . . .  . . . . .  . . .  . . . . .  . . .  . .  . . 292
3.3.  Individual-tree-based  methods  . .  . . . . .  . . .  . . .  . . . . .  . . .  . . . . .  . . .  . . . . .  . . .  . . .  . . . . . . . .  . . .  . . . . .  . . .  . . . . .  . . .  . . . . . . . .  . . .  . . . . .  . . .  . . . . .  . . .  . . . . . . . .  . . . . . . . 293
3.4.  Area-based  methods . . . . .  . . .  . . . . .  . . .  . . . . . . . .  . . .  . . . . .  . . .  . . . . .  . . .  . . .  . . . . .  . . .  . . . . . . . .  . . .  . . . . .  . . .  . . . . .  . . .  . . .  . . . . .  . . .  . . . . . . . .  . . .  . .  . . .  . . . . .  . . .  . . .  . .  294
3.4.1.  Design-based  sampling  approach  . . . . . .  . . .  . . . . . . . .  . . .  . .  . . .  . . . . . . . .  . . .  . . .  . . . . .  . . .  . . . . . . . .  . . .  . . .  . .  . . .  . . .  . . . . .  . . . . .  . . .  . . . . . . . . . .  . . .  . . 294
3.4.2. Height  distribution-based techniques  .  . . .  . . . . .  . . .  . . . . .  . . .  . . .  . .  . . .  . . .  . . . . . . . .  . . .  . . . . .  . . .  . . . . .  . . .  . . .  . .  . . .  . . .  . . . . .  . . .  . . . . .  . . .  . . . . .  . . .  295
3.4.3.  Spatial  representation .  . . .  . . . . . . . .  . . .  . . . . .  . . .  . . . . .  . . .  . . . . .  . . .  . . .  . . . . .  . . .  . . .  . . . . .  . . .  . . . . .  . . .  . . .  . .  . . .  . . .  . . . . .  . . .  . . . . .  . . .  . . . . .  . . .  . . . . . 296
4.  Discussion and  conclusion  . . . . .  . . . . . . . .  . . .  . . . . .  . . .  . . . . . . . .  . . .  . . . . .  . . .  . . . . .  . . .  . . . . .  . . .  . . .  . . . . .  . . .  . . . . .  . . .  . . . . .  . . .  . . .  . . . . .  . . .  . . .  . . . . .  . . .  . .  . . .  . . . . .  . . .  . 297
Acknowledgements . . . . .  . . .  . . . . .  . . .  . . . . .  . . .  . . . . .  . . .  . . .  . . . . .  . . .  . . . . .  . . .  . . . . .  . . .  . . .  . . . . . . . .  . . .  . . . . .  . . .  . . . . .  . . .  . . . . .  . . .  . . . . . . . .  . . .  . . . . .  . . . . .  . . .  . . . . .  . . .  298
References  .  . . .  . . .  . . . . .  . . .  . . .  . . . . .  . . .  . . . . .  . . .  . . .  . . . . .  . . .  . . . . .  . . .  . . .  . . . . .  . . .  . . . . .  . . .  . . . . . . . .  . . .  . . . . .  . . .  . . . . . . . .  . . .  . . . . .  . . .  . . . . . . . .  . . . . .  . . .  . . . . .  . . .  . . . . .  298
‘
∗ Corresponding author.
E-mail address: alessandro.montaghi@gmail.com (A.  Montaghi).
1. Introduction
The increasing availability of  data derived from Airborne Laser
Scanning (ALS) offers the potential to use this three-dimensional
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